M
yocardial infarction, or irreversible myocardial injury, is an important cause of hospital complications and death after cardiac surgery. [1] [2] [3] The long term clinical consequences have not been thoroughly studied and are therefore still unclear. Perioperative myocardial infarction, defined as a new Q wave on the postoperative ECG, has been shown to increase the risk of subsequent congestive heart failure. 3 There is growing evidence that elevated concentrations of serum cardiac markers after coronary artery bypass grafting (CABG) infer adverse long term survival 4 as well as increased morbidity in the long term. 5 Measurement of serum concentrations of biochemical markers has long been used to detect myocardial damage following acute myocardial infarction or cardiac surgery. Aspartate aminotransferase (ASAT) was the first marker to be introduced in clinical routine. 6 This was followed by the introduction of other, more specific diagnostic markers, such as creatine kinase myocardial band (CK-MB), troponin T, and troponin I. 6 7 Perioperative myocardial injury (PMI) may be the consequence of early graft closure, ineffective myocardial protection, or both. 8 Irrespective of the underlying cause, it can be hypothesised that PMI will lead to impaired left ventricular function and consequently heart failure.
The aims of this study were to analyse the long term occurrence of heart failure after CABG, to identify risk factors, and in particular to elucidate the relation between PMI and the risk of subsequent heart failure. A further aim was to assess the effects of PMI and heart failure on long term survival.
METHODS

Patients
From 1 January 1987 to 31 December 1996, 7721 adult patients underwent primary, isolated CABG at the department of cardiothoracic surgery of the University Hospital, Uppsala, Sweden. Among these, 228 patients (3.0%) died during the initial period of hospitalisation, leaving 7493 patients discharged alive; these patients constituted the basis of the present study (table 1) .
Data collection
Serum ASAT and serum alanine aminotransferase (ALAT) activities were measured before surgery and on the first postoperative morning (day 1). The methods of quantifying serum ASAT activity were fairly consistent throughout the study period. Up to 1989 the instrument used was the Greiner 300, and after that time the Hitachi 717 was used. Serum CK-MB was also measured, but up to 1992 several methods were used to evaluate the enzymatic activity. In the period 1993-96 one sole method was used to quantify CK-MB mass (Abbott IMx).
Clinical data were documented prospectively, according to a protocol, in all patients and stored in a computer. 4 Hypertension was defined as antihypertensive medication or blood pressure > 140/90 mm Hg on admission; diabetes mellitus was defined as treatment with insulin or drugs. Classification of congestive heart failure according to the New York Heart Association (NYHA) system was based on a pre-operative interview with the patient. A subdivision of patients in NYHA class III into IIIA and IIIB was applied. 4 Left ventricular function was categorised as: intact, ejection fraction (EF) > 0.50; moderate dysfunction, EF 0.30-0.49; or severe dysfunction, EF , 0.30.
Follow up and outcome
A unique 10 digit national registration number is allocated to every Swedish resident. In January 1997 survival information on all patients was obtained by computerised linkage to two national registers, namely a continuously updated census register and the Swedish Cause of Death Register. By use of these combined registers, all patients could be identified as being alive on 31 December 1996 or assigned a date of death.
Heart failure was defined as hospital readmission for heart failure. Cause of readmission was recorded on the basis of the International classification of diseases, 9th revision (ICD-9), and was categorised by means of the primary discharge diagnosis. Heart failure was recorded as the ICD-9 code 428. The date of readmission is designated the date of event. All hospital readmissions from the date of surgery until 31 December 1996 were identified and the registered primary diagnoses at discharge were analysed by computerised linkage with the Swedish Hospital Discharge Register (Centre for Epidemiology, National Board of Health and Welfare). The date of discharge following the admission for CABG (index episode) was used as the starting point.
Statistical methods
The Kaplan-Meier method was used to calculate life table estimates for readmission for heart failure. 9 Risk factors for heart failure were analysed using the Cox proportional hazards model. Results are presented as hazard ratio (HR) and 95% confidence interval (CI). The relation between serum ASAT and risk of heart failure was explored, using serum ASAT concentrations categorised into deciles in univariate analyses. The 10 decile, serum ASAT > 2.55 mkat/l, was the optimal dichotomised form-that is, the form with the best discriminatory power-and was the basis for the definition of PMI. In addition, an ASAT:ALAT ratio was calculated to distinguish serum ASAT elevation caused by cardiac conditions, from that caused by hepatic congestion or the side effects of drugs. An ASAT increase with a simultaneous ASAT:ALAT ratio of > 1.5 was considered to be of primarily cardiac origin. 10 11 PMI was defined as serum ASAT > 2.55 mkat/l and ASAT:ALAT > 1.5. Furthermore, within the 10th decile the incremental risk associated with serum ASAT concentrations corresponding to the 95th and to the 99th centile was investigated.
Interactions between PMI and left ventricular function, previous myocardial infarctions, dyspnoea, hypertension, sex, and use of the internal mammary artery, were sequentially tested with likelihood ratio tests.
The persistence of the effect of having sustained a PMI over time after surgery was investigated by allowing effects to change with two year intervals after surgery. The significance of this effect was tested by introducing an interaction term between the indicator for PMI and time since surgery as a continuous variable.
The influence of readmission for heart failure on subsequent survival was analysed by exploring the age adjusted effect of PMI on mortality before and after the first inhospital episode with heart failure. This was accomplished by a Cox regression model for patients with and without PMI, including a time dependent indicator variable, which switches from 0 to 1, 30 days after the first readmission for heart failure.
The concordance between serum ASAT > 2.55 mkat/l and serum CK-MB > 50 mg/l, the latter chosen as an analogous cut off for peri-procedural myocardial injury, was analysed for the period 1993-96.
The Statistical Analysis System (SAS) package was used for all statistical analyses.
RESULTS
Of the 7493 patients, 576 (7.7%) were readmitted for heart failure. Actuarial freedom from readmission for heart failure after one year was 97% (95% CI 96% to 97%), after four years, 93% (95% CI 93% to 94%) and after seven years, 89% (95% CI 88% to 90%).
Relation between serum ASAT and heart failure The relation between serum ASAT and the risk of heart failure was not linear. The 10th decile (equivalent to > 2.55 mkat/l) was used as cut off since no increase in risk was seen below this concentration. Of the patients readmitted for heart failure, six patients had concentrations above this cut off but had an ASAT:ALAT ratio , 1.5; these patients did not show an elevated risk of heart failure (HR 1.1, 95% CI 0.5 to 2.5). Within the highest decile there was a positive relation between serum ASAT and risk of heart failure: serum ASAT 2.55-3.46 mkat/l (HR 1.8, 95% CI 1.3 to 2.4); 3.46-6.80 mkat/l (HR 2.3, 95% CI 1.7 to 3.1); and . 6.80 mkat/l (HR 3.6, 95% CI 2.2 to 5.7).
Risk factors for heart failure Of the 576 patients who sustained heart failure, 114 (20%) had had a PMI, which increased the risk of heart failure ( fig 1) (multivariate HR 2.3, 95% CI 1.8 to 2.8). As expected, patients with severe left ventricular dysfunction had a high risk of heart failure (HR 3.8, 95% CI 2.9 to 4.8). Moderate dysfunction also implied an increased risk (HR 1.8, 95% CI 1.5 to 2.2) as compared to preserved left ventricular function. Also, other potential measures of the status of the left ventricle, such as history of a previous myocardial infarction (HR 1.4, 95% CI 1.1 to 1.8) or more than one previous myocardial infarction (HR 2.3, 95% CI 1.8 to 3.0), dyspnoea (HR 1.6, 95% CI 1.4 to 2.0), and preoperative atrial fibrillation (HR 1.3, 95% CI 1.1 to 1.6), were independent risk factors for heart failure. Among the other risk modifiers (table 1), it was found that the use of an internal mammary artery decreased the risk (HR 0.8, 95% CI 0.6 to 0.9). There was no substantial confounding of the effect of elevated serum ASAT by the other risk factors (that is, the univariate estimate was affected less than 10% after adjustment for all other risk factors, data not presented).
Interaction analyses
There were no significant interaction effects. However, there was a borderline significant interaction between PMI and number of previous myocardial infarctions (p = 0.06), suggesting that the risk associated with elevated serum ASAT was more pronounced in patients with a previous myocardial infarction. In the other situations, the relative effect of PMI was virtually the same in all subgroups-that is, no significant deviations from multiplicity were detected. The effect of PMI in patients with varying left ventricular function illustrates the multiplicative effect. In patients with severe preoperative left ventricular dysfunction and an additional PMI, the hazard ratio of heart failure was more than eight times that in patients with intact left ventricular function and no perioperative injury (fig 2) .
Time dependence of PMI
No tendency was observed towards a decrease over time in the effect of PMI on the risk of heart failure (table 2).
Long term mortality
PMI implied an increased all cause mortality. PMI and no heart failure, HR 1.4 (95% CI 1.1 to 1.8); patients with no No PMI Figure 1 Freedom from readmission for heart failure in relation to perioperative myocardial injury (PMI); 95% confidence intervals are shown at the time points 2.5, 5 and 7.5 years after surgery.
PMI and no heart failure constituted the reference group with HR 1.0. After readmission for heart failure survival was poor irrespective of whether the patient had sustained a PMI or not (PMI and heart failure, HR 4.5, 95% CI 3.1 to 6.7; no PMI and heart failure, HR 5.7, 95% CI 4.6 to 7.0), compared to the reference group-that is, patients with no PMI and no heart failure.
Concordance between serum ASAT and serum CK-MB During 1993-96, 76% of the patients with serum ASAT > 2.55 mkat/l also had serum CK-MB > 50 mg/l. Among the patients with serum ASAT , 2.55 mkat/l-that is, no PMI-93% had serum CK-MB , 50 mg/l.
DISCUSSION
This study clearly established that PMI increased the risk of heart failure after CABG. The risk associated with such an event was independent of other risk factors and persisted for many years after surgery. PMI was also associated with increased mortality, but all patients readmitted for heart failure had notably decreased long term survival irrespective of prior PMI.
PMI and heart failure after CABG Among the patients with PMI, 17% had developed heart failure within five years of surgery, compared to 7% of those without PMI. The adverse outcome observed in association with PMI could simply be the effect of necrosis and loss of myocardial cells. Our results argue against the alternative explanation that an increase in cardiac markers is a benign phenomenon, reflecting a reversible injury caused by profound myocardial ischaemia during surgery, but with preserved cellular viability. 12 It is also conceivable that increased release of cardiac markers reflects a poor surgical result in terms of graft patency. Moreover, the same factors that make the patient susceptible to a myocardial injury may also increase the risk of subsequent heart failure. However, in the present study PMI had a pronounced effect on the risk of subsequent heart failure, with a hazard ratio of 2.3, even after correction for other risk factors. This finding strongly indicates a causative effect.
Previous studies of the long term consequences of PMI have mostly demonstrated a negative effect in the short and intermediate term. In a 30 month follow up study, patients with Q wave perioperative myocardial infarction were found to be more likely to have cardiac events. 3 In another study, Q wave perioperative infarction implied a three year survival of 85%, compared to 95% among patients without such an event. 13 In a recent report, 5 patients with CK-MB concentrations more than five times normal were at increased risk of death and myocardial infarction at one year of follow up. In a previous study, we found that after CABG, ASAT and CK-MB provided equal prognostic information about the risk of both early and late death. The long term deleterious consequences of elevation of either one or both of these markers on survival persisted for many years after surgery. 4 Hence, the decreased survival associated with increased cardiac markers can at least partly be explained by an increased incidence of heart failure.
Our definition of heart failure was based on data from the Swedish Hospital Discharge Register, which covers all public, inpatient care in Sweden. In a validation study, examination of a national sample of patients with ischaemic heart disease indicated a positive predictive value of 86% for ICD-9 code 410 (acute myocardial infarction) in discharge data. 14 Diagnostic accuracy rates of the same magnitude have been demonstrated in additional studies, 15 16 suggesting that there may be an underestimation of the occurrence of heart failure. 15 Other risk factors for heart failure after CABG As expected, left ventricular function had a high impact on the risk of heart failure, with an almost fourfold increase in patients with severe dysfunction. We hypothesised that PMI would be more dangerous in patients with impaired left ventricular function, but such an interaction was not found. PMI resulted in the same relative risk addition within each category of left ventricular function and other risk factors. However, the multiplicative effect infers a larger increase in the absolute risk of heart failure. For example, patients with intact left ventricular function had a five year incidence of heart failure of 4% in the absence of PMI and 10% if they had sustained a PMI. Corresponding figures for patients with severe left ventricular dysfunction were 25% and 55%, respectively. NYHA functional class, which should at least partly reflect the left ventricular function under stress, had a less pronounced effect. Furthermore, the number of previous myocardial infarctions was used as a surrogate measure of myocardial scarring in order to differentiate between myocardial fibrosis and hibernation. Patients with at least two previous myocardial infarctions had a more than twofold risk of subsequent heart failure after correction for other factors.
Compared with men, women exhibited a 30% higher risk of heart failure. Women have been shown to have a higher incidence of in-hospital congestive heart failure or pulmonary oedema after CABG, 17 and in patients undergoing coronary angiography female sex is an independent predictor of congestive heart failure. 18 
Definition of PMI
In clinical practice today, CK-MB, troponin T, and troponin I are more widely used than ASAT and considered more specific and sensitive as indicators of myocardial damage. 1 2 Nevertheless, serum ASAT values were available during the entire study period and for all patients, and after correction for concomitant serum ALAT elevation, serum ASAT should provide a fairly reliable measure of myocardial injury. We find it reasonable to conclude that increased release of cardiac markers, reflecting myocardial injury or infarction, implies an increase in the risk of subsequent heart failure. The presence of new Q waves on the postoperative ECG is another commonly used definition of perioperative myocardial infarction. The diagnostic reliability of this finding has been questioned, however, and follow up studies of patients with new Q waves after CABG have yielded conflicting results. 3 19 In summary, PMI is a serious adverse event, contributing to a clearly increased risk of subsequent heart failure, and has an adverse effect on long term survival. The risk of heart failure persisted for many years after surgery. Heart failure, irrespective of PMI, notably increased late mortality. The clinical implication of our findings is that patients with cardiac enzyme concentrations suggestive of myocardial injury should be regarded as a high risk group for adverse events after discharge and should thus be followed up and treated accordingly.
